The Reading Acceleration Program, a computerized reading-training program, increases activation in neural circuits related to reading. We examined the effect of the training on the functional connectivity between independent components related to visual processing, executive functions, attention, memory, and language during rest after the training. Children 8-12 years old with reading difficulties and typical readers participated in the study. Behavioral testing and functional magnetic resonance imaging were performed before and after the training. Imaging data were analyzed using an independent component analysis approach. After training, both reading groups showed increased single-word contextual reading and reading comprehension scores. Greater positive correlations between the visual-processing component and the executive functions, attention, memory, or language components were found after training in children with reading difficulties. Training-related increases in connectivity between the visual and attention components and between the visual and executive function components were positively correlated with increased word reading and reading comprehension, respectively. Our findings suggest that the effect of the Reading Acceleration Program on basic cognitive domains can be detected even in the absence of an ongoing reading task.
Introduction
Developmental dyslexia or reading difficulty (RD) is a deficit in acquiring fluent reading skills despite remedial intervention (IDA, 2011) that is accompanied also by diminished executive functions (EF) (Breznitz, 2006) . These difficulties lead to a failure in reading words in a holistic manner (i.e., orthographic reading) (Turkeltaub et al., 2003) .
Reading is a higher-order cognitive ability that relies on phonology, orthography, and semantics, along with several key EF [e.g., working memory (de Jong, 1998) , speed measures (Breznitz and Misra, 2003) , and switching/shifting attention and cognitive control (Houde et al., 2010) ]. The occipito-temporal cortex (also named the Visual Word Form Area or VWFA) is composed of the fusiform gyrus (FG) and has been specifically shown to activate in response to word recognition, but not during non-words or presentation of letters (Cohen and Dehaene, 2004; Cohen et al., 2002; Vinckier et al., 2007) . It has been suggested that individuals with RD show lower activation in the left FG during word reading compared to typical readers (TRs) (Benjamin and Gaab, 2012) . Individuals with RD also show deficits in EF (Altemeier et al., 2008; Brosnan et al., 2002; Gooch et al., 2011; Helland and Asbjornsen, 2000) with some specific reports of attention difficulties (Facoetti et al., 2000; Shaywitz and Shaywitz, 2008) . Indeed, the severity of cognitive deficits has been positively correlated with reading impairments (Horowitz-Kraus, 2014; Horowitz-Kraus and Breznitz, 2013) . These findings suggest that deficits in underlying cognitive abilities such as attention and EF may be related to RD in dyslexia.
In the past decade, several neuroimaging studies supported the altered activation of neural circuits supporting EF in individuals with RD and the over-activation in these regions as a strategy of compensating for RD (Pugh et al., 2000; Rumsey et al., 1997) . The authors suggested that at baseline, when children with RD encounter a word that they struggle to decode, the inferior frontal gyrus (related to semantic abilities) and the dorsolateral prefrontal cortex (related to EF) are employed as compensatory circuits (see also Heim et al., 2013 for demonstration of this phenomenon in adults). Demonet and colleagues also reported a greater activation of frontal regions in children with RD (specifically of the inferior frontal regions) compared to TRs and suggested that this reflects the compensatory pathways of individuals with RD in different types of phonological processing (Demonet et al., 2004) . Heim and colleagues suggested that the lower level of activation of the ventral-occipital temporal route for words is shared among individuals with RD (Heim et al., 2013) . Other genetic studies also indicated a decreased activation in the dorsolateral prefrontal cortex (Wang, 2014) and decreased gray-matter volumes (Black et al., 2012) in 5 year olds and 4 year olds with a familial risk to develop RD, respectively. These studies support altered EF abilities as well as the neural circuits supporting EF in individuals with RD, but are lacking a direct examination of the relationship between neural circuits supporting reading, language, and other cognitive domains, such as EF in individuals with RD.
Vogel and colleagues suggest that the VWFA is functionally connected with the dorsal attention network in the inferior parietal lobule as determined during resting-state functional magnetic resonance imaging (fMRI) (Vogel et al., 2012; Vogel et al., 2014) . This connectivity was observed to increase with age and reading ability. The precuneus is part of this dorsal attention network and supports visual attention (Vogel et al., 2014) , and this region is thought to be part of a wider cognitive-control model named 'the dual-networks top-down model' (Dosenbach et al., 2008) . This model proposes two cognitive-control/ EF networks with different neuroanatomical correlates. The first is the rapid adaptive control network that allocates attention to a cue and involves a frontal-parietal circuit that includes the precuneus. The second is the set-maintenance network that maintains task goals, sustains adjustments for feedback control, monitors errors, and involves a cingulo-opercular circuit. The connectivity within these networks increases throughout development (Dosenbach et al., 2008) . Both networks are engaged during reading (Ihnen et al., 2015) , but only the functional connectivity between the fronto-parietal network and the FG has been positively correlated with reading skill and age (Vogel et al., 2014) . The authors highlight the role of visual attention in reading and suggest that a deficit in visual attention may contribute to the reading impairments in individuals with RD [see also Lassus-Sangosse et al., 2008; Valdois et al., 2004; Vidyasagar and Pammer, 2010] . The role of attention as the basis for memory, EF, and reading outcomes also is supported by behavioral studies (Masur et al., 2013) .
Fluent reading depends on accurate, timely decoding of words (Breznitz, 2006) . Word decoding relies not only on intact phonology, orthography, and semantics, but also on intact basic cognitive abilities such as attention, speed of processing, and working memory (which are part of the umbrella term 'executive functions') (Christopher et al., 2012) . The Reading Acceleration Program (RAP) is an EF-based computerized reading intervention . This reading training focuses on language abilities while also exercising the domains of attention, working memory, and speed of processing that support EF. The RAP forces the reader to visually follow letters (i.e., attention) as they are erased from the screen (i.e., reliance of working memory) at a progressively faster speed (i.e., speed of processing). Monitoring comprehension ensures that the trainees do not only track the letters with their eyes, but that they also keep this information in their memory and process it linguistically. This procedure forces the reader to process words in a fast, holistic manner and 'releases' the bottleneck in working memory, enabling comprehension (Horowitz-Kraus and . In turn, the readers3 ability to read words improves as their mental lexicon becomes more stable and their error monitoring improves Horowitz-Kraus et al., 2014a , 2014b . Previous studies have shown that improvement in error-monitoring, working memory, and other EF after the RAP training is accompanied by greater frontal activation [inferior frontal gyrus; Brodmann area (BA) 44 and anterior cingulate cortex (ACC); BA 24] (Horowitz-Kraus et al., 2014b) . We also have observed greater functional connectivity between frontal (BA 24) and visual (FG; BA 37) regions during an fMRI reading task after the RAP training, suggesting that as the RAP forces the reader to read faster and visually attend and track the letters, both EF and attention improve.
A recent resting-state functional connectivity analysis in 7-15 yearold children with RD demonstrated increased functional connectivity between the left VWFA (BA 37) and both frontal regions related to EF (medial FG; BA 10) and other reading regions (middle occipital regions;
BA 18,19) compared with TRs (Koyama et al., 2013) . Studies have demonstrated the possible positive effects of reading training, not only on the activation of reading circuits in individuals with RD, but also on the functional connectivity with other regions related to attention or EF Koyama et al., 2013) . However, as previously suggested (Price and Devlin, 2011; Vogel et al., 2013) , the human brain is not "tuned" specifically to reading, but rather it depends on networks that maintain other functions and also enable reading (such as visual processing, attention, and language-related regions) (Vogel et al., 2013) . Therefore, when reading interventions are administered, they may actually target brain regions that are not reading specific. Previous studies Horowitz-Kraus et al., 2014b) repeatedly determined that the RAP training resulted in greater activation in regions that are specific to visual processing (i.e., related to word recognition), such as the FG. However, there are reports of the effect of the RAP training on activation of regions that are not specific to reading (i.e., attention, EF, working memory, and language) (Horowitz-Kraus and Horowitz-Kraus et al., 2014b) . Therefore, our current study aimed to determine the effect of the RAP on connectivity among neural circuits supporting both reading and EF/attention in the absence of a stimulus, i.e., in a resting-state condition, by focusing on the functional connectivity with regions related to visual processing, as reported by other studies related to the effect of the RAP training and other studies related to reading (Koyama et al., 2013) .
Unlike task-based fMRI studies, fluctuations in blood-oxygenationlevel-dependent (BOLD) signals during a resting-state fMRI condition are observed in the absence of an experimental stimulus. The degree of temporal correlation of these fluctuations between brain regions is thought to reflect interregional functional connectivity. This concept extends to connectivity of entire functional networks. The current study was designed to answer the following questions: 1) What are the changes in functional connectivity between networks supporting reading (e.g., visual processing) and networks related to EF, attention, memory, and language following the RAP intervention in either individuals with RD or TRs? 2) Will connectivity within or between the EF circuits be altered after the RAP training during a resting-state condition in either individuals with RD or TRs?
To answer these questions, children with RD and TRs participated in two resting-state fMRI scans before and after 4 weeks of training with the RAP. Data were analyzed using an independent component analysis (ICA) approach to extract pertinent functional networks (components). We hypothesized that children with RD would show increased functional connectivity between the visual processing component and components related to EF, attention, memory, and language after the RAP training. We also hypothesized that automatic reading in TRs after training would result in reduced functional connectivity between visual processing and language components [as observed in Vogel et al., 2014] . We postulated that a specific increase in functional connectivity between the visual processing component and attention and EF components after training would be correlated with greater word reading and comprehension scores in both groups.
Materials and methods

Participants
Children with RD [n = 18, mean age = 9.9 years, standard deviation (SD) = 1.3 years; 9 females] and TR (n = 18, mean age = 9.8 years, SD = 1.7 years; 9 females) participated in the study. Participant groups were matched for nonverbal IQ scores (mean standard score = 103, SD = 7.43) as measured by the Test of Nonverbal Intelligence, third edition (TONI-3; Brown and Johnsen, 1997) . Both reading groups underwent baseline behavioral and neuroimaging assessments followed by 4 weeks of the RAP training with follow-up (behavioral and neuroimaging) assessments.
All participants were right-handed, native-English speakers with average socioeconomic status, normal or corrected-to-normal vision in both eyes, and normal hearing. None had a history of neurological or psychiatric disorders, and no differences were found between children with RD and TRs in attention ability as measured by the Conners questionnaires (Conners, 1989 ; self-report t(36) = 1.227, P N 0.05 and parental report, t(36) = 0.249, P N 0.05). Participants were recruited from posted ads and through commercial advertisement.
Children with RD either had received a formal diagnosis or presented with parentally reported difficulty with reading, which was confirmed by the study3s reading battery. Reading ability was evaluated using a battery of normative reading tests in English: 1) word-reading accuracy/orthography: word-reading efficiency subtest [test of word reading efficiency (TOWRE; Torgesen and Rashotte, 1999) ]; 2) decoding accuracy: decoding subtest for nonwords reading (TOWRE; Torgesen and Rashotte, 1999) ; and 3) contextual oral-reading fluency: Gray oralreading test (GORT-IV, Wiederholt and Bryant, 1992) . Reading fluency in the GORT takes into account both the accuracy and the reading-rate levels, i.e., when errors are committed it affects the overall fluency score.
Children with RD had to reach a standard score of −1 or below (25th percentile and below) in both word reading, decoding, and fluency tests (i.e., in all three tests). TRs were age-matched students who volunteered for the study and had fluent and accurate reading [according to norms; i.e., reached a standard score of 1.5 (90th percentile) or higher in all reading tests] as verified using the same tests that were used to evaluate the children with RD.
To assess the effect of intervention on behavioral reading measures, we used separate repeated measures analysis of variance (RM-ANOVA) utilizing the reading scores for the different reading domains (i.e., TOWRE, GORT-IV, and reading comprehension and speed as measured by the RAP). Different forms of these same measures were used after intervention to avoid a priming effect (the afterintervention assessment was taken approximately 5 weeks after the first training session).
The study was carried out in the Imaging Research Center at Cincinnati Children3s Hospital Medical Center (CCHMC), Cincinnati, OH. All participants gave their informed written assent and their parents provided informed written consent prior to inclusion in the study, and all were compensated for their participation. The CCHMC Institutional Review Board approved the experiment.
MRI paradigms
Resting-state condition
Participants were asked to look at a gray cross in the center of a black background on a screen for 5.5 min. They were asked to avoid sleeping or closing their eyes. Participants performed this scan prior to and following the RAP training (approximately 5 weeks apart).
Data acquisition
All images were acquired on a Philips Achieva 3 T MRI scanner (Philips Medical Systems, Best, The Netherlands). A T2*-weighted, gradient-echo planar imaging (EPI) sequence was used with fMRI parameters: TR/TE = 2000/38 ms, matrix size = 64 × 64, slice thickness = 5 mm, resulting in a voxel size = 4 × 4 × 5 mm 3 . Artifacts at this long echo time were minimized using a SENSE factor of 2 in a 32-channel RF head coil. During the resting-state scan, 165 whole-head volumes were acquired for a total imaging time of 5.5 min. The initial 10 time points acquired were discarded to allow for T1 relaxation equilibrium. In addition, a high-resolution T1weighted 3D anatomical scan was acquired using an inversionrecovery-prepared turbo gradient-echo acquisition protocol with a spatial resolution of 1 × 1 × 1 mm.
Data analysis
Pre-processing
During image reconstruction, a gradient-echo field was used to correct for geometric distortion due to B0 field inhomogeneity. Reconstructed fMRI data for each scanning session were then pre-processed using SPM8 software (http://www.fil.ion.ucl.ac.uk/spm/), including slice-timing correction, realignment to the first image of the session to correct for motion using 3 translational and 3 rotational parameters, coregistration of the anatomical image to the mean aligned functional image, normalization of all images to the Montreal Neurological Institute (MNI) template, which was found to be appropriate for children age 5 and above (Altaye et al., 2008) , and spatial smoothing with an 8-mm full width at half-maximum (FWHM) Gaussian kernel. Following pre-processing, the resting-state data were fed into the ICA pipeline.
Independent component analysis
The pre-processed image volumes from 72 datasets (18 datasets each for children with RD and TRs, both before and after training) were submitted to subject-wise group ICA implemented in the Group ICA of fMRI Toolbox (GIFT; http://mialab.mrn.org/software/gift/index. htm) (see Fig. 1 for the steps of the analysis). ICA is a multivariate data-driven method that does not assume an a priori task-driven hemodynamic response (Calhoun et al., 2001) . The subject-wise temporal concatenation technique has been shown to produce the best overall performance compared to other proposed methods (Schmithorst and Fig. 1 . fMRI data pipeline. A flow chart illustrating the pipeline used to process the multisubject fMRI data through the group independent component analysis (ICA) and back projection to generate the IC maps and time courses. All results were corrected for multiple comparisons using false discovery rate or FDR and thresholded for statistical significance at P-corrected b 0.05. Holland, 2004) . Using the minimum description length (MDL) criterion modified to account for spatial correlation built into the toolbox, we estimated 47 group components for the pre/post-conditions for both participant groups. The MDL model selection criterion is designed to estimate the optimal dimension of the signal subspace in fMRI data before the Principal Component Analysis (PCA) reduction step (Yourganov et al., 2010) . PCA was then used for dimensionality reduction in a two-stage process to reduce the computational complexity of the ICA (Calhoun et al., 2001) . First, PCA was applied to each individual 165volume dataset to obtain the first 71 principal components. After temporal concatenation of all datasets, a second application of PCA to the concatenated data reduced the dimensionality to 47 principal components, the number estimated by the MDL. Following this step, we proceeded with ICA using the Infomax algorithm (Bell and Sejnowski, 1995) . The resulting 47 aggregate group components were then backprojected using the GICA3 algorithm (Erhardt et al., 2011) , yielding corresponding individual-subject independent components (ICs) and time courses. Mean group ICs and time courses were then generated across subjects ( Fig. 1 ).
Independent component selection
Since ICA may produce ICs representing noise (e.g., movement artifact) in addition to biological signals (Hyvarinen and Oja, 2000), a procedure was implemented to identify group ICs of interest. Often, independent component time courses are correlated to the time course of a task to identify task-related ICs Kim et al., 2011; Schmithorst et al., 2006) . Since this resting-state study did not incorporate a specific cognitive task, ICs were included or excluded based on visual inspection of their spatial distributions. Exclusion of ICs proceeded using two previously published criteria: 1) ICs residing primarily in white matter, ventricle(s), or outside the brain were excluded on the basis that these regions do not generate BOLD signal (Calhoun et al., 2008; Damoiseaux et al., 2006) . 2) ICs symmetrically distributed over large portions of the brain were excluded on the basis that they do not describe plausible resting-state networks (Kiviniemi et al., 2003) . After applying the initial exclusion criteria, we visually searched for the independent component that represents visual processing [see Smith et al., 2009 for a description of this component]. Canonical templates may be used to aid in the identification of specific networks, but these have not been shown to make identification more reliable compared to manual network selection (Franco et al., 2009) . We elected to identify networks manually to avoid inadvertently rejecting valid ICs not included in an a priori template. We then focused on the connectivity between the visual processing component and the remaining included ICs (Fig. 1) .
Statistical analysis of inter-component connectivity
To test the differences between correlation coefficient values between each pair of ICs before and after intervention between the groups, we performed a 2 × 2 RM-ANOVA for Group (RD, TRs) and Testing time (Test 1, Test 2). We also compared resting-state network connectivity, defined as the Pearson correlation of time courses between pairs of ICs, between reading groups (children with RD and TRs) and within groups between the different conditions [baseline measures (Test 1) and post-intervention measures (Test 2) in each group separately]. The number of comparisons was limited by designating IC1 (visual processing component) as our independent component of interest and considering only the correlations between IC1 and the remaining included ICs (the selection of ICs is described in Fig. 1) . P-values for each of the seven comparisons of pairwise correlation coefficients between ICs were adjusted for multiple comparisons using false discovery rate (FDR). This correction for multiple comparisons was performed for each of the four experimental conditions separately and thresholded for statistical significance at P-corrected b 0.05.
Correlation of network functional connectivity and behavioral measures
To relate behavioral reading scores to functional connectivity between the ICs, a Pearson correlation was performed between reading measures and functional connectivity of participants at baseline before the RAP training (i.e., Test 1).
To relate the behavioral gains from training to the change in functional connectivity between the ICs, we calculated the difference in connectivity before and after the RAP training for each pair of components for each participant and performed Pearson correlations between the difference in reading measures and the change in functional connectivity.
The Reading Acceleration Program
Stimuli
The RAP bank of 1500 sentences was composed of moderateto high-frequency words in the English language (http://www. wordfrequency.info/). Each stimulus was a sentence with a multiplechoice question followed by four possible answers. Each sentence was 9-12 words in length, comprised of 45-70 letters with a letter width of 5 mm, extended over 1-2 lines, and with 18 mm between lines. Each sentence was presented once during the entire training. The sentences have been tested and verified for their level of difficulty in previous studies in English (move refs so English first since this study was in English) (Breznitz, 2006) as well as in Hebrew (Horowitz-Kraus et al., 2014a , 2014b , 2014c Horowitz-Kraus and Holland, 2015) .
Training procedure
Reading training was administered via the Internet using a computer in each participant3s house. The primary investigator monitored training by a remote access to the training records. Through the administration option of the RAP, the study personnel monitored the start and end time for each session, making sure that the program was not left unattended during the training session. Comprehension and reading speed were monitored as well. In this way, we could assure that 5 valid training sessions were performed each week. The participants were trained for 4 weeks, 5 times each week, 15-20 min per session, for a total of 20 sessions, and reading a different set of 50 randomly presented sentences in each session. The initial and final reading pace and comprehension were measured by the evaluation mode of the RAP, which measures these variables in a self-paced reading condition .
The duration of a sentence on the screen was calculated individually for each participant based on the diagnostic mode (see the following section; Presentation rate). Duration was controlled by text erasure, starting from the beginning of the sentence and advancing at a given per-character rate. All participants were presented with the same sets of sentences, in the same order. They were instructed to read the sentence silently and while doing so, the sentence disappeared from the computer screen and a multiple-choice comprehension question with four optional answers appeared and remained on the screen until the participant responded. They were instructed to choose the correct answer by pushing the corresponding number on the numeric keypad of the computer. The disappearance of the question from the computer screen prompted the next sentence.
Presentation rate
The initial text erasure rate was determined specifically for each participant, based on a pre-test evaluation mode administered prior to training. The evaluation mode consisted of 12 sentences and 12 multiple-choice questions Leikin, 2000 or Breznitz and Leikin, 2001) . The mean reading rate (milliseconds per letter) for the sentence correctly answered by each participant determined the initial presentation rate of the RAP for that participant.
Accelerated training condition
In the first training session, 50 sentences were presented consecutively on the screen. The letters in each sentence disappeared one after the other, according to the mean reading time (milliseconds per letter) recorded on the pre-test. Following the disappearance of the sentence from the computer screen, participants were instructed to answer the question at a self-paced rate. The per-letter "presentation rate" decreased from one sentence to the next in steps of 2% (Breznitz, 1997a,b) in a staircase-like procedure, and the "disappearance rate" increased only when the participants3 answers to the probe questions were correct for 10 consecutive sentences.
Results
Behavioral data
The different two-way (2 × 2) RM-ANOVAs [Group (children with RD, TRs)] × [Test (Test 1, Test 2)] revealed greater word and nonword reading scores after intervention in both children with RD and TRs with relatively lower reading scores in children with RD as compared to TRs (from the TOWRE, for words and nonwords). The same direction of results was observed for the contextual fluency reading as well as reading speed and comprehension conditions: Although both reading groups gained from training (i.e., a main effect of Test), children with RD showed a relatively greater increase in reading fluency (from the GORT-IV) and speed per sentence and comprehension scores (from the RAP) in Test 2 versus Test 1 compared to the TRs. See Table 1 for these results.
Imaging data
Selection of group ICs
Of the 47 group ICs for all conditions (i.e., children with RD in Tests 1 and 2, and TRs in Tests 1 and 2), eight survived our exclusion criteria, and one IC representing the visual processing independent component (IC1) was selected as the IC to which connectivity was assessed, as shown in Fig. 2 . Spatial maps of the remaining seven ICs are presented in Fig. 3 . Note that each group aggregate IC map (shown in Figs. 2 and 3) was thresholded at 99% of the robust range to generate these figures, where the robust range was defined as the 2nd-98th percentiles of voxel intensities within a volume.
Functional connectivity between the visual processing component and the other components
RM-ANOVA revealed a main effect of Group for IC1−IC4 [F(1,30) = 7.586, P b 0.05, ɳ 2 = 0.202], revealing an overall greater functional connectivity between the visual and sensory-motor ICs in children with RD compared to TRs; a main effect of Test for IC1−IC7 [F(1,30) = 5.548, Table 1 Reading measures in participants (children with reading difficulties and typical readers) prior to (Test 1) and following (Test 2) training with the Reading Acceleration Program. The t-test analyses revealed that before intervention, children with RD showed decreased functional connectivity between IC1 (visual processing component) and IC2 (EF component) and between IC1 (visual processing component) and IC3 (attention component) as compared to TRs. However, children with RD showed greater functional connectivity between IC1 (visual processing component) and IC4 (sensory-motor component) as compared to TRs. After intervention, children with RD showed greater functional connectivity between IC1 (visual processing component) and IC5 (language component) as compared to TRs.
Within-subject paired t-test analysis revealed that after training, children with RD demonstrated greater functional connectivity between IC1 (visual processing component) and IC2 (EF component) and between IC1 and ICs 6-8 (occipito-temporal, dorsal attention, and memory components), whereas TRs showed decreased functional connectivity between IC1 (visual component) and IC5 (language component) after training (Table 2) .
Correlation of behavioral and imaging data
Pearson correlation between the behavioral measures before training (Test 1) and the connectivity values between pairs of ICs before training revealed a significant negative correlation between the connectivity of IC1 (visual processing component) and IC4 (sensory-motor component) and the word and nonword reading scores (from the TOWRE word recognition subtest: r = −0.526, P b 0.01; and from the TOWRE nonword decoding task: r = −0.499, P b 0.01). These findings suggest that greater functional connectivity between the visual and sensory-motor components is associated with decreased reading ability throughout the entire sample. Positive correlations of connectivity between IC1 (visual processing component) and IC3 (attention component) and between IC1 (visual processing component) and IC6 (occipito-temporal component) and word-recognition ability also were observed (although did not reach significance: r = 0.313, P = 0.07 and r = 0.324, P = 0.06, respectively). These results suggest that increases in functional connectivity between the visual component and attention or occipital-temporal components tend to be associated with better word reading at baseline, before reading training.
The correlations between the gain in reading ability (the difference between reading speed and comprehension in Test 1 vs. Test 2, as measured by the RAP) and the change in connectivity after intervention revealed that greater gain in reading comprehension resulted in greater increases in functional connectivity between IC1 (visual processing component) and IC2 (EF component) in the entire sample (r = 0.482, P b 0.001). No significant correlation was found between behavioral measures and ICs 3-8.
Discussion
The goal of this study was to determine whether the previously found reading improvement following the RAP training involves changes in functional connectivity between the visual network (including the VWFA) and networks related to EF, attention, memory, and language during the resting-state condition after the training (in the absence of a task). As postulated, our results demonstrate that reading improvement (1) Executive functions component. IC2 corresponds to the frontal executive functions component (Smith et al., 2009; Hacker et al., 2013) including the left and right superior frontal gyrus (BA 8) and middle frontal gyrus (Koyama et al., 2013; Vogel et al., 2014) . Intensity = 25.35 (2) Attention component. IC3 corresponds to the attention component (Smith et al., 2009) including the right and left anterior cingulate gyri (BA 24) and the superior frontal gyrus (BA 6). Intensity = 7.77.
(3) Sensory-motor component. IC4 corresponds to the sensory motor component (see Hacker et al., 2013 not in the original refs listmore info?) and most prominently features the bilateral precentral gyrus (BA 5) and postcentral gyrus (BA 3). Intensity = 10.90. (4) Language component. IC5 corresponds to the language component (see Hacker et al., 2013) and most prominently features the bilateral inferior frontal gyrus (BA 44) and middle frontal gyrus (BA 10), anterior cingulate cortex (BA 24), left superior parietal lobe (BA 5), and left supramarginal gyrus (BA 40). Intensity = 6.53. (5) Occipito-temporal component. IC6 corresponds to the occipital temporal stream for naming and language (Koyama et al., 2013) including the right and left lingual gyrus (BA 18), right and left middle temporal gyrus (BA 21), and right and left fusiform gyrus (BA 37). Intensity = 30.30. (6) Dorsal attention component. IC7 corresponds to the dorsal attention component (Callejas et al., 2014; Vogel et al., 2014) including the left and right precuneus (BA 7), left and right superior frontal gyrus (BA 10), right and left lingual gyrus (BA 18), right and left middle temporal gyrus (BA 21), and right and left angular gyrus (BA 39). Intensity = 8.84. (7) Memory component. IC8 corresponds to the memory component (Karunanayaka et al., 2007; Smith et al., 2009) including the parahippocampal gyrus (BA 35). Intensity = 9.56. was accompanied by greater functional connectivity between the visual processing component and the attention, EF, and language components in both children with RD and TRs. After the RAP, TRs showed decreased functional connectivity between the visual and language components, which involve frontal regions. Interestingly, the components in which connectivity changes correlated with reading changes share regions that are part of the fronto-parietal or cingulo-opercular networks. These results suggest that the fronto-parietal network is involved in reading, as has been previously suggested (Dosenbach et al., 2008; Vogel et al., 2014) . The results also demonstrate the involvement of regions that are part of the cingulo-opercular network (i.e., the ACC), which is supported by the literature indicating the positive effect of the RAP training on error monitoring (evoked from the ACC) in both TRs and children with RD (Horowitz-Kraus and Breznitz, 2013) . In addition, our results confirm the positive effect of the RAP training on rewiring neural circuits related to the visual processing, EF, attention, memory, and language regions in individuals with RD Horowitz-Kraus and Breznitz, 2013; Horowitz-Kraus et al., 2014a; Horowitz-Kraus et al., 2014b; Niedo et al., 2014) even in the absence of stimuli (i.e., in a resting-state condition), which supports our original hypotheses.
Decreased functional connectivity between visual and attention and EF components in children with RD during rest
Decreased functional connectivity between the visual processing (IC1) and EF (IC2) and attention (IC3) components in children with RD as compared to TRs during rest also has been suggested by Koyama and colleagues (Koyama et al., 2013) , as well as by other neuroimaging studies indicating a decreased activation of neural circuits supporting EF in children with RD (Wang, 2014; Black et al., 2012) . Koyama and colleagues demonstrated weaker functional connections between the inferior parietal lobule and the middle frontal gyrus in children with RD (Koyama et al., 2013) . Based on the 'dual-networks top-down control' model, the inferior parietal lobe (BA 7) and the middle frontal gyrus (BA 10) are part of the fronto-parietal network (Dosenbach et al., 2008) . This network is particularly important for allocating visual attention during reading (Vogel et al., 2014) . The activation of the frontal (inferior frontal gyrus and dorsolateral prefrontal cortex) and parietal (precuneus) regions that are part of this network has been determined to be predictive of proficient reading even before reading ability is completely acquired in 6 year-old children (Horowitz-Kraus et al., 2014c) . Taken together, these findings support the suggestion that better reading ability is supported by neural networks related to cognitive control, i.e., the fronto-parietal network [as was also described by Dosenbach et al., 2008; Vogel et al., 2014] . However, a further study should examine the effect of the RAP training on a priori-defined regions of interest comprising the fronto-parietal network or using a parcellation approach [see also Power et al., 2011] .
Interestingly, in addition to the decreased functional connectivity between the visual and frontal and parietal components, we also found an overall main effect of group as well as an increased functional connectivity between the visual processing (IC1) and sensory-motor (IC4; composed of frontal and parietal regions) components in children with RD compared to TRs before training (i.e., in Test 1). The sensory- The results of the difference in correlation coefficients between the component of interest (IC1) and the other components (IC2-8) between the different conditions are noted in the right columns (Δr = correlation coefficient value, P = significance without correction for multiple comparisons, FDR = significance with false discovery rate correction for multiple comparisons). All results were corrected for multiple comparisons using false discovery rate (FDR). BA, Brodmann area; IC, independent components; RD, children with reading difficulty; TR, typical readers; L, left; R, right; OT, occipito-temporal.
motor deficit in individuals with RD related to the magnocellular difficulty in this population was described previously (Ramus, 2003; Stein, 2001; Stoodley et al., 2000) . We suggest that the increased functional connectivity between IC1 and IC4 is linked to the pathology of individuals with RD: slower word and nonword reading. This is supported by the correlation of the functional connectivity between IC1 and IC4 and slower reading pace (as measured by the RAP) in this study. This assumption does not contradict the positive contribution of the frontoparietal network to the reading process, since the post-central and pre-central gyri that comprise the sensory-motor component are not part of the fronto-parietal network (Dosenbach et al., 2008) . Our data, specifically the decreased functional connectivity of the visual processing (IC1) and the attention (IC3) components in children with RD compared to TRs before intervention, connect the impairments in attentional and EF processes to difficulties with reading found in children with RD (Facoetti et al., 2000; Horowitz-Kraus, 2014; Shaywitz and Shaywitz, 2008) . Attention and EF should be allocated to the process of letter selection from irrelevant letters (Bouma, 1970; Bouma and Legein, 1977) by rapid orienting of visual attention (Yeshurun and Rashal, 2010) before the correct letter-to-speech sound integration applies (Facoetti et al., 2000; Hari and Renvall, 2001; Vidyasagar and Pammer, 2010; Zorzi et al., 2012) . Ultimately, the next intriguing question is whether a reading training that is EF-based, such as the RAP, improves reading through modifying these functional connections.
The effect of the RAP on functional connectivity of the visual processing component and components related to cognitive control
The current study confirms our hypothesis that greater functional connectivity between the visual processing component (IC1) and components related to cognitive control (i.e., IC2-EF, IC7-dorsal attention, and IC8-memory components) showed an increased functional connectivity after the RAP training, in both reading groups (i.e., a main effect of Test). We also hypothesized that greater functional connectivity would be found between the visual processing (IC1) and EF (IC2) components and dorsal attention (IC7) and memory (IC8) components in children with RD after the RAP training, even at rest. Moreover, an increased change in functional connectivity between IC1 (for visual processing) and IC2 (EF), IC6 (OT stream), and IC5 (language) was found to be significantly greater in the RD group, compared to the TRs (i.e., a significant interaction). This may explain previous findings showing overall improvements in attention and EF non-linguistic tasks following the RAP training , as well as an overall improvement in the linguistic domain in both children with RD and TRs, compared to children with RD who did not train on the RAP program (Horowitz-Kraus et al., 2014b) . The greater reliance on frontal regions following acceleration manipulation also has been reported in adult TRs (Benjamin and Gaab, 2012) . The role of the frontal lobe as a possible compensatory pathway in children with RD by means of semantic retrieval or reliance on EF was previously suggested (Pugh et al., 2000; Rumsey et al., 1997) . The functional regions of the EF and dorsal attention components found in the current study are part of the frontoparietal network (Dosenbach et al., 2008) . Our results therefore suggest that these sub-regions of the fronto-parietal network, which are involved in rapid adaptive control processes, also are affected by the RAP.
Previous results from studies of the effect of the RAP have suggested that improved reading and EF are related to both better error monitoring (Horowitz-Kraus and Breznitz, 2014) and greater involvement of cognitive-control processes related directly to reading (Horowitz-Kraus et al., 2014a , 2014b . In addition to the involvement of parts of the fronto-parietal network (the first network in the 'dual-networks top-down control' model) in the significantly increased functional connectivity with the visual processing components (IC1) after training, we also found increased functional connectivity between IC1 and the occipital-temporal components (IC 6, which includes the ACC), as well as the language component (IC5, which includes the ACC), which may be related to a greater involvement of the cingulo-opercular network.
The cingulo-opercular network is the second network in the 'dualnetworks top-down control' model and is related to sustained adjustments for feedback control and error monitoring (Dosenbach et al., 2008) . Interestingly, rather than being autonomous, the two control networks work with each other and also with the cerebellum where error information is both received and sent (Dosenbach et al., 2008 ). In the current study, sub-regions of the cingulo-opercular network were found to be positively correlated with the visual processing components following training with the RAP, which confirms our previous findings of greater error-monitoring processes after training . The ACC plays an important role in error monitoring (Falkenstein et al., 1991) . The activation of this region in typical developing 6 and 11 year-old children during a verbgeneration task was found to be positively correlated with reading at the age of 16 years (Horowitz-Kraus et al., 2014c) . The authors suggest that this region may be more active when reading has not been fully mastered, and therefore this process demands a greater monitoring. We previously demonstrated that training with the RAP results in greater activation of the error-monitoring system while performing reading errors, which was positively correlated with reading accuracy and speed in children with RD and TRs (Horowitz-Kraus and Breznitz, 2013) . This was consistent with the greater functional connectivity between the FG (which is part of the VWFA) and the ACC in children with RD during a lexical decision task after training with the RAP. As suggested previously , the manipulation of the RAP involves erasing letters from the screen, which requires several steps: 1) The trainees develop a better visual attention allocation, store the phonemes and then the words in memory, and then retrieve them for the comprehension stage: all of which demand better higher-order processes in reading. 2) After executing the response (i.e., reading the word), the trainees need to monitor their performance, which requires a comparison of the desired form of the word (stored in the mental lexicon) to the actual read word, and this is done in the process of error monitoring (Horowitz-Kraus and Breznitz, 2008) . We suggest that the first stage can be represented by the increased functional connectivity between the visual and the EF, attention, and memory components (all involve regions of the fronto-parietal network), which also is supported by the positive correlation we determined between the functional connectivity of the visual processing and the EF components with reading comprehension. The second stage may involve greater functional connectivity with the occipito-temporal and language components and involves regions that are part of the cingulo-opercular network. These encouraging findings may lead to examination of the cingulo-opercular network specifically in children with RD and an examination of the functional connectivity of this network with the VWFA after training with the RAP.
According to our data and in contrast with the children with RD, TRs showed less functional connections between the visual processing (IC1) and language (IC5) components after training. These findings can be interpreted in several ways. First, the language component is comprised of the ACC, which is part of the cingulo-opercular network. In line with our previous assumption, it may be that for TRs less monitoring is needed and hence, less engagement required for the ACC during the reading process after the RAP resulting in decreased functional connections of IC1 and IC5. This also has been confirmed by the absence of ACC activation in TRs at the age of 16 (Horowitz-Kraus et al., 2014c) . Second, previous studies have shown that the lower the starting point is, the higher the gain from the RAP training (Horowitz-Kraus and . We suggest that for TRs, who have intact reading to start with, a longer/more intense intervention is needed to modify the functional connectivity between the visual component and regions participating in the fronto-parietal/cingulo-opercular networks involved in reading. Third, it is possible that since the current task is a resting-state condition, the executive-control process specifically for reading did not show as much change in TRs as in children with RD. Future studies using region of interest-based analysis focusing on reading and EFrelated seeds or a data-driven parcellation method [see Power et al., 2011] rather than using ICs might answer this question.
The results of the current study should be evaluated taking into account the following limitations. First, the results represent the data from a resting-state condition and, despite the correlation analysis with behavioral measures, do not reflect the actual participating components in the reading process. A future study should examine the correlations between the visual and EF and attention components after training with the RAP during a reading task. Second, since our results showed that the visual component was correlated with components that are composed of regions that are parts of networks from the 'dual-networks top-down control' model, we have discussed the results in the context of the fronto-parietal and cingulo-opercular networks. However, it is important to note that since the main aim of the study was to examine the effect of the RAP training on the functional connections between the visual component and other components related to cognitive control and language, we were not focused on these cognitive-control networks specifically. To validate our interpretation, a region-of-interest analysis should be carried out using an a priori selection of the functional regions participating in the model. A further analysis should examine the functional connectivity of each of the voxels in the VWFA with the cingulo-opercular and fronto-parietal networks as has been done previously (Greene et al., 2014) . Third, FDR correction was used to correct for multiple comparisons when considering differences in pairwise correlations between ICs within each experimental condition. Seven ICs being compared to an eighth IC equals 7 comparisons within each condition, times 4 experimental conditions equals 28 total comparisons. Since FDR was performed separately within each condition and not across all 28 comparisons, the reported corrected P values are smaller than they would be had FDR been performed across all 28 comparisons. Lastly, we selected an acquisition time of 5.5 min to facilitate compliance of our pediatric study population and minimize motion artifacts. Future studies might increase statistical power by increasing the acquisition time or concatenating several resting-state acquisitions.
In conclusion, the current study indicates that the RAP, an intervention designed to improve reading performance in children with RD, is associated with changes in connectivity in EF, attention, memory, and language resting-state components that correlate with improvement in reading performance. The observation of changes in functional connectivity between these components and the visual-processing component, even in the absence of a linguistic task (i.e., at rest) suggests that the RAP has an effect on basic cognitive domains that can be detected even in the absence of a reading task. Therefore, two clinical implications should be considered: 1) Special attention should be given to EF, attention, and memory domains during diagnosis of children with RD. 2) Reading intervention programs should include an attention/EF/memory component in order to train these abilities as part of reading remediation.
